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Chapter  1 


I3TTR0DUCTI01T 

Diminishing  manufacturing  sources  (DliS)  is  a 
phenomenon  occurring  when  manufacturers  of  older  technology 
items  gradually  discontinue  production  until,  ultimately, 
there  is  no  known  manufacturing  capability  (i?).  The 
significance  emd  ramifications  of  DMS  are  especially  impor- 
tant considerations  in  the  field  of  electronics  where 
technology  is  experiencing  a rapidly  accelerating  growth 
rate  (13:^3-^).  The  market-wide  demand  for  electrical 
components  of  older  technology  declines  as  new  components 
reflecting  technological  breakthroughs  are  developed  and 
assimilated.  As  total  demand  for  the  older  components 
declines,  private  industry  no  longer  finds  it  judicious  to 
maniifacture  the  outdated  items  and  commits  its  production 
capability,  engineering,  and  design  talents  to  more  advanced 
products.  Older  items  are  ultimately  phased  out  of  produc- 
tion. This  diminishing  number  of  manufacturing  sources 
generates  challenging  logistical  problems  in  providing 
spares  support  for  sophisticated  electronic  equipment. 

The  Department  of  Defense  (DOD)  is  vitally  concerned 
with  the  impact  of  DMS  in  attempting,  to  support  aging 
weapon  systems  dependent  upon  older  electronic  component 
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technologies.  This  concenti  is  evidenced  by  the  ci*eation 
of  a task  force  to  study  DMS  (29). 
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The  causes  of  DMS  axe  predominately  economic  in 
nature  (17)«  -A-s  the  demand  for  electronic  components  of 
older  technologies  decreaise,  the  manufacturing  market 
reacts  by  decreasing  supply.  The  DOD  has,  because  of 
inflexibility  and  long  lead  time,  in  many  instances,  been 
relegated  to  the  position  of  the  sole  user  of  a specific 
electronic  component  (3).  Because  of  this  monopsony, 
initial  procurement  and  deployment  of  a major  weapon 
system,  along  with  the  voliime  of  spare  parts  and  the  reduced 
profits  potential  associated  with  follow-on  sales  of  the 
old  technology  components , may  not  be  sufficient  incentive 
for  a contractor  to  continue  production. 

The  economic  basis  of  DMS  and  its  relevance  to  the 
DOD  were  cleaxly  demonstrated  in  the  following  military 
question  and  industry  answer  sequence  as  interpreted  by 
Mr.  Eaymond  A.  Hill,  Naval  Electronics  Systems  Command. 

The  military  question  v:as  'How  can  a program 
manager  reconcile  the  fact  that  while  his  v:eapon 
system  may  have  a life  cycle  measured  in  decades , 
important  elements  of  that  weapon  system,  espe- 
ci^ly  electronics,  are  being  rendered  obsolete 
throu^  rapid  advancement  of  technology  every 
three  or  four  years?*  The  industry  ansv/er  was, 

'There  is  no  denying  that  significant  problems 
are  created  for  long-lived  products  by  the 
natural  tendency  of  a free  enterprise  industry  to 
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'close  out'  old,  low  volume,  unprofitable  product 
lines  in  favor  of  newer,  more  cost  effective  items 
with  greater  current  and  future  demcind'  [6:6], 

This  "natural  tendency"  of  a free  enteiprise  to 
abandon  low  volvuae  improfitable  product  lines  is  related 
to  the  decreased  market  power  of  the  DOD  in  the  electronics 
arena.  Since  early  I960,  when  military  applications  were 
the  primary  driving  force  in  semiconductor  electronic 
evolution,  the  balance  has  shifted  so  that  the  aggregate 
of  all  "unique  military  usage  is  less  than  ten  percent  of 
the  total  semiconductor  market.  In  a study  project  for 
the  Defense  System  Management  School,  Carrol  E.  Garrison 
states: 

One  estimate  is  that , in  20  years , DoD  has 
slipped  from  being  a user  of  90  percent  of  all 
electrical  parts  production  to  being  a 10  per- 
cent user,  while  commercial  users  have  increased 
[6:29]. 

This  loss  of  market  power  has  reduced  the  military's  capa- 
bility to  direct  the  flow  of  mainstream  technology,  thus 
compoimding  the  problem  of  DMS  (9:1-2). 

DOD  Directive  4005-16  charges  the  Defense  Logistics 
Agency  (DLA)  with  management  of  the  DMS  problem  (29:1). 

In  turn,  the  Defense  Electronics  Supply  Center  (DESC),  as 
a branch  of  DLA,  has  been  tasked  v;ith  the  investigation 
and  control  of  DMS  relating  to  electrical  components  of 
importance  to  the  DOD. 
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Problem  Stjatement 


The  DESC  is  presently  imable  to  detect  and  respond 
to  electronic  component  diminishing  manufacturing  source 
conditions  in  sufficient  time  to  allow  for  adequate 
consideration  of  alternate  methods  of  supply. 

Backgroxind 

Receiving  tubes  were  first  produced  for  the  U.S. 
Army  Signal  Corps  in  1918  by  the  V/estem  Electric  Company 
(6:5).  Over  time,  the  tubes  were  improved  and  refined  so 
that  their  use  spread  to  such  applications  as  hi^  powered 
transmitters,  micro-wave  and  radar  systems,  and  cathode 
ray  display  devices.  The  use  of  receiving  tubes  has 
considerably  diminished.  The  functions  they  had  previously 
performed  were  soon  performed  by  semiconductor  devices. 

The  transistor  (transfer  resistor)  invented  in 
1948  in  the  Bell  Telephone  Laboratories,  has  the  advantages 
of  small  size,  low  power  requirements,  and  increased  reli- 
ability when  compared  to  the  receiving  tube  (6:9). 
Subsequently,  as  the  transistor  became  established  on  the 
market,  fewer  receiving  tubes  were  produced.  The  increase 
in  demand  for  semiconductors  led  to  a corresponding  decline 
in  demand  for  tubes.  Manxifacturers  switched  from  tube  to 
semiconductor  production  (17). 


The  ti'ansistor  ivas  on  the  market  only  a short  time 

before  the  advent  of  integrated  circuit  (IC)  technology  in 

1958  (6:9).  The  IC,  which  is  even  more  reliable,  as  well 

as  more  capable,  began  to  replace  the  transistor.  As  in 

the  case  of  the  receiving  tube,  the  transistor  demand 

diminished  as  use  of  the  more  sophisticated  IC  influenced 

the  market.  This  influence  of  ICs,  the  most  advanced 

generation  of  semiconductor  technology,  is  demonstrated  by 

-1 

the  capability  of  one  chip  produced  in  1978 i to  replace 
56,000  individual  transistors  produced  in  the  1960s 
(13:46). 

The  transition  from  receiving  tube  to  transistor 
wan  made  in  40  years;  the  IC  replaced  the  transistor  in  a 
short  ten  years.  The  increasing  rate  of  new  electronic 
innovations  continues  to  shorten  technological  life  spans. 
Difficulties  associated  with  DMS  are  encountered  because 
some  private  companies  and  the  DOD  maintain  requirements 
for  transistors  and  tubes  to  support  systems  of  older 
vintage.  Because  of  the  long  lead  time  associated  with 


-1 

Chip — the  word  "chip"  d.s  commonly  used  in  the 
electronics  community  in  reference  to  a sliver  of  silicon 
material  inch  by  }i  inch,  or  less,  that  is  the  basis  of 
micro-integrated  circuitiy.  Small  calculators  and  digital 
\tfristv/atches  are  typical  examples  of  electronic  devices 
employing  these  miniaturized  components. 
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weapon  system  development  and  the  rapid  pace  of  technoJ.ogy, 
some  systems,  designed  with  ’’current"  technology  instead  of 
newer  state-of-the-art  technology,  are  obsolete  before  they 
are  fully  developed.  The  sub^Ject  of  lead  time  was  addressed 
by  Mr.  David  Shore , President  of  RCA: 

Experience  shows  that  it  takes  ei^t  to  ten 
years  to  decide  on,  develop,  produce,  test,  and 
field  a new  equipment.  Add  another  ten  years 
for  desired  use  and  the  total  cycle  is  20  years 
...  by  the  time  we  field  a new  electronic  item, 
key  components  may  already  be  out  of  production 
[16:45]. 

Weapon  systems  are  subject  to  the  effects  of  DMS 
when  the  number  of  manufacturers  of  critical  components 
begins  to  decrease.  The  following  examples  serve  to 
illvistrate  the  problems  resulting  from  DMS. 

Mr.  Milo  Slepicka,  Cliief  of  the  Technical  Services 
Division,  DESC  stated: 

The  first  exposure  of  any  magnitude  to  the 
DMS  problem  at  DESC  came  in  1970  when  Wagner 
Electric  announced  the  closing  of  their  Bloomfield, 

New  Jersey  electron  tube  plant.  There  were  44  tubes 
involved,  of  which  25  were  sole  source  to  Wagner. 

It  is  evident  that  the  interest  and  emphasis  on  the 
diminishing  source  problem  has  escalated  signifi- 
cantly during  the  past  few  years.  I believe,  how- 
ever, that  we  are  still  just  scratching  the  surface 
of  the  problem.  The  means  and  methods  to  minimize 
this  condition  in  an  economical  sense  are  yet  to 
be  developed  [17]- 

Another  example  is  the  phase  out  of  germanium , 
small  signal  transistors  by  the  Motorola  Company.  There 


were  65  national  stock  numbered  items  affected.  These 
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trsjisj.stors  are  used  in  both  the  Army's  field  radios  and 
in  the  Univac  computer  of  the  Navy's  ship-board  tactical 
data  system  (1:6).  The  DESO  group  reported: 

Many  radios  are  still  scheduled  for  future 
production  using  these  germanium  transistors. 

In  fact,  future  production  requirements  for 
germani'um  transistors  were  almost  three  million 
dollars.  The  end  item  manufacturer  will  not 
invest  his  money  to  buy  production  requirements 
for  future  contracts.  Therefore,  the  Axmy 
Electronics  Command  :ifas  asked  to  provide  funded 
docvuaents  necessary  to  cover  the  requirements  for 
future  production.  Germanium  small  signal  tran- 
sistors have  gone  the  way  of  vacuvim  tubes.  A 
rather  sizeable  investment  has  been  made  to  try 
to  provide  adequate  support  for  both  future  pro- 
duction and  repair  of  radio  equipment  whose  life 
cycles  cannot  be  accixrately  predicted  [1:31. 

The  DMS  problem  does  not  begin  or  end  with  older 
equipment.  Potential  problems  of  support  exist  concerning 
equipment  and  weapon  systems  not  yet  operational.  The 
Navy  has  identified  98  different  electronic  units  that  are 
presently  supported  by  receiving  tubes  v;hich  are  in  limited 
supply  and  without  an  identified  source.  Most  of  this 
equipment  is  to  be  installed  on  new  ships  not  yet  launched 

(2:5). 


Frequently,  occurrences  of  declining  numbers  of 
manufacturing  sources , as  in  the  case  of  the  germanium 
transistor,  were  not  predicted  (5).  Subsequently,  scarce 
DOD  dollars  have  been  invested  in  expensive  buys  that  offer 
no  guarantee  of  effective  future  support  (20).  The  fol- 
lowing case  is  typical  (1:6,7). 
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Vrtien  Motorola  initially  announced  its  production 

phase  out  of  germanixam  transistors , the  DESC  v;as  given 

2 

only  two  months  to  determine  buy-out  requirements.  The 
initial  DESC  response  was  to  ascertain  individual  service 
requirements.  Time  constraints  dictated  that  the  Air  Force 
use  historic  demand  data  to  project  germanium  transistor 
requirements.  The  Navy’s  initial  response  was  that  no 
germanium  transistors  were  required.  An  alert  represen- 
tative of  Motorola,  however,  corrected  the  Navy’s  estimate, 
pointing  out  specific  uses  of  this  component  in  critical 
naval  equipment.  The  Army  was  able  to  rapidly  determine 
requirements  for  current  operational  systems  to  be  sup- 
ported but,  unfortunately,  had  planned  105  different 
germanium  transistor  applications  in  the  nev/  SAM-D  missile 
system  which  was  still  in  the  development  phase. 

The  buy-out  is  the  alternative  most  used  by  the 
DESC  and  is  of  such  magnitude  that  it  is  estimated  that 
greater  than  ten  percent  of  the  DESC  budget  for  Fiscal  Year 
(FT)  1979  will  go  for  buy-outs  (17)*  A large  factor  in 
deciding  to  use  the  buy-out  alternative  is  time. 


2 

One  alternative  of  assuring  sufficient  supply  of 
an  item  in  the  future  is  to  buy  a large  once-and-for-aJ.1 
quantity  before  the  manufacturer  terminates  production. 
See  Appendix  B for  a listing  of  other  alternatives. 
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When  the  DESC  receives  notice  that  a supplier  is 


going  to  stop  production  there  is  normally  not  enough  time 
to  pursue  other  supply  alternatives  or  alternate  sources. 

In  this  case,  the  existing  supply  is  purchased,  the  manu- 
facturer surges  production  to  meet  the  DOD’s  final  request, 
or  a final  order  is  tendered  for  a quantity  to  meet  an 
estimated  future  demand,  whichever  is  less.  There  are 
three  disadvantages  of  this  alteraative. 

First,  with  an  extremely  large  purchase,  the  cost 
of  maintaining  the  inventoxy  over  several  years  can  be 
hi^.  One  civilian  firm,  in  order  to  meet  its  expected 
need  of  germaniina  transistors  over  the  next  several  years 
is  storing  their  entire  supply  in  sealed  lots , in  a con- 
tamination free,  nitreous  atmosphere  (1?). 

Another  disadvantage  is  the  possibility  of  buying 
more  than  will  actually  be  needed.  Since  there  is  no 
DOD-wide  system  to  identify  and  relate  electrical  compo- 
nents to  end-item  products , the  best  that  the  DESC  can  do 
presently  is  to  project  an  estimate  based  on  historic 
demand  (20).  If  this  projection  is  higih,  tightly  budgeted 
dollars  v;ill  be  wasted  on  the  procurement  of  excess  items. 

The  third  disadvantage  is  closely  related  to  the 
second.  Because  component-to-end-item  identity  is  not 


low  demand.  If  critical  components  imi  out  soonez*  than 
expected,  the  weapon  system  coxild  he  operationally 
restricted  and  thereby  jeopardize  the  nationail  security 


of  the  United  States.  The  Navy,  as  previously  stated, 
identified  98  different  electronic  systems  that  are 
presently  supported  by  receiving  tubes.  These  tubes  are 
in  limited  supply  and  without  an  identified  source.  Most 
of  this  equipment  is  to  be  installed  on  new  ships  not  yet 
launched  (2:5).  Essentially,  in  the  buy-out  alternative, 
scaxce  DOD  dolleirs  are  being  invested  in  expensive  buys 
that  offer  no  guarantee  of  effective  future  support  (20). 

Reseaimh  Objective 

I 

The  objective  of  this  research  was  to  ascertain 
the  relationship  between  dollar  volzuae  of  sales  for 

electronic  components  and  EMS  conditions  experienced  by  ] 

j 

the  EESC  and  to  determine  if  dollar  volume  of  sales  can  j 

be  used  as  a predictor  of  DMS.  Achievement  of  this  ! 

objective  required  the  collection  of  industry  sales  data  | 

for  receiving  tubes,  semiconductors,  and  integrated  j 

circuits  which  were  converted  to  and  expressed  in  constant  ' 

dollars.  Identification  of  the  occurrences  of  DMS  for 
selected  electronic  components  managed  by  the  DESO  was 
also  required. 

1 

i 

J 

I 
) 

I 
■1 
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Research  Hypothesis 

The  fmction  defining  dollar  volume  of  sales  for 
receiving  tubes  and  its  corresponding  relationship  to 
receivixig  tube  DjMS  conditions  will  approximate  that  func- 
tion and  DMS  relationship  experienced  for  semiconductors 
and  integrated  circuits. 


Chapter  2 


METHODOLOCr 

As  stated  in  Chapter  1,  the  objective  of  this 
research  effort  waa  to  deterjiiiie  if  dollar  volume  of  sales 
for  electronic  components  and  its  corresponding  relation- 
ship to  DMS  can  be  used  as  a predictor  of  DUS  of  electronic 
components.  This  chapter  describes  the  data  source,  the 
data  collection  pletn,  the  data  conf iguration/anailysis  plan, 
and  the  hypothesis  teat  and  decision  criteria  used  in 
conducting  this  research. 

Data  Source 

Two  data  elements  were  required  for  accomplishment 
of  this  research.  The  first  element  was  the  annual  total 
dollar  volume  of  sales  for  receiviag  tubes,  semiconductors 
and  integrated  circuits.  Data  were  accumulated  for  the 
entire  population  of  these  components  manufactured  in  the 
United  States.  Historical  dollar  volume  of  sales  data 
W6LS  collected  to  enable  description  of  the  evolutionary 
trend  in  the  dollar  vol\ame  sales  for  each  component  under 
study. 

Dollar  volume  of  sales  data  was  extracted  from 
marketing  and  financial  publications  contained  in  the 
Air  Force  Institute  of  Technology  and  the  DESC  Operations 


Research  Division  libraries.  Electronic  component  market 
data  were  also  obtained  from  the  Marketing  Services 
Department , Electronic  Industries  Association. 


Diminishing  manufacturing  source  experiences 
involving  receiving  tubes,  semiconductors  and  integrated 
circuits  constitute  the  second  data  element  required  for 
this  research.  As  the  DESC  is  the  single  Defense  Logistics 
Agency  (DLA)  manager  for  electronic  components,  the  DMS  data 
available  from  the  DE30  were  considered  a census  of  the 
entire  population  of  DMS  experienced  in  the  DOD,  for  the 
components  under  study. 

Data  Collection  Plan 

The  annual  dollair  volume  of  sales  data  were 
extracted  from  various  governmental  publications,  such  as 
the  Bureau  of  Labor  Statistics*  Census  of  Manuf act'ures , and 
from  the  Electronic  Indiistry  Association’s  Electronic 
Market  Data  Book.  The  sales  data  were  collected  by 
referencing  the  Standard  Industrial  Code  (SIC)  for  each  of 
the  three  components.  The  sales  data  for  each  component 
were  assumed  to  be  reliable  based  upon  their  inclusion  in 
these  recognized,  authoritative  reference  materials. 

DMS  data  were  extracted  from  i*ecords  available  at 
the  DESC.  Additionally,  interviews  with  personnel  employed 
at  the  DESC  v/ho  have  been  closely  associated  with 
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definition,  detection,  and  management  of  DMS  were  an  addi- 
tional source  of  DMS  data. 


Data  Ad.justment 

Dollar  sales  values  were  adjusted  to  reflect  a 
constant  year  value  to  allow  for  inflationaiy  and  defla- 
tionary fluctuations  in  the  economy  hy  use  of  the  Whole- 
sale Price  Index  (WPI)  numbers,  as  published  by  the  TJ.S. 
Bureau  of  Census.  WPIs  are  constructed  to  measure  changes 
which  have  occurred  in  the  prices  of  selected  commodities 
or  groups  of  commodities  with  respect  to  the  supply  of 
money  in  the  economy  (7:'1'18).  Although  prices  may  be 
weighted  by  quantities  in  order  to  give  recognition  to  the 
relative  importance  of  the  commodities , the  indexes  are 
computed  in  such  a way  that  changes  in  the  index  reflect 
changes  in  prices  rather  than  changes  in  quantities  (19). 

hypothesis  Test  and  Decision  Criteria 

The  research  hypothesis  has  its  foundation  in  two 
premises.  The  first  is  that  the  dollar  volume  growth 
curves  for  the  three  stated  electronic  components  are 
similar.  The  second  premise  is  that  DMS  occurs  at  the  same 
position  relative  to  a point  on  the  growth  curve  for  each 
respective  component. 
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Testing  the  first  premise  required  a determination 
of  the  function  describing  the  growth  curves  for  receiving 
tubes,  semiconductors,  and  integrated  circuits.  Determi- 
nation and  comparison  of  the  functions  were  accomplished 
using  a curve  fitting  computer  program  (see  Appendix  0). 

The  CUTUFIT  program  package  intemaily  computes,  and 
then  prints,  in  association  with  each  fxmction,  a corres- 
ponding index  of  determination.  The  index  of  determination, 

O 

or  coefficient  of  determination  (R  ),  is  a measure  of  the 
efficiency  of  the  least  squares  fit  of  the  variable  T 
(dollcir  volume  of  sales)  on  the  variable  X (time).  The 
value  provides  a measure  of  hov;  well  the  growth  curves 
produced  by  the  electronic  component  data  is  approximated 
by  each  of  the  model  fimctions  contained  in  the  OUEIFIT 
program  package. 

The  goodness  of  fit  of  the  curve  produced,  by  the 
input  data  to  the  six  fuactions  represented  in  the  GDEITT 
program,  can  be  measured  by  the  magnitude  of  the  index  of 
determination. 

The  higher  the  index  of  determination  the  more  the 
variation  from  actual  relationship  is  explained  by  the 
variables  entered  into  the  function.  Or  another  way,  the 
higher  the  index  of  determination,  the  closer  the  CURFIT 
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equation  matches  the  actual  curve  produced  hy  the  input 

data.  The  equation  exhibiting  the  highest  index  of  deteiv- 

mination  is,  therefore,  the  equation  of  the  six  candidates, 

that  best  describes  the  actual  relationship  between  the 

variables.  If  the  functions  defined  for  semiconductors 

and  integrated  circuits  closely  approximated  the  function 

describing  dollar  volume  of  sales  for  receiving  tubes , 

2 “I 

and  their  associated  R s were  s\iff iciently  high  , the  first 

premise  was  supported  and  the  second  premise  investigated. 

The  three  components’  functions  were  considered  similar  if 

there  were  no  statistically  significant  differences  among 
2 

R s across  the  same  function  for  all  components.  If,  how- 
ever, it  had  been  found  that  the  functions  defining  the 

dollar  volume  growth  trends  for  the  electronic  components 

2 2 
were  dissimilar,  or  their  R were  not  sufficiently  hi^  , 

the  first  premise  would  have  been  considered  insupportable 

and  the  hypothesis  rejected. 


i 2 

Ror  this  type  of  research  an  R value  above  .80 

is  usually  considered  acceptable  (8i19;  15:^12).  Ror  this 

2 

study,  an  R value  of  .90  was  arbitrarily  selected  as  the 
minimiim,  sufficiently  high  limit  to  insure  a conservative 
treatment  of  the  data. 

^Ibid. 
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A visual  indication  of  the  dolian  sales  growth 


curve  was  first  ascertained  hy  graphiug  the  data  accumu- 
lated for  receiving  tubes  (see  Appendix  H),  The  growth 
trend  curve  for  tubes  was  depicted  with  dollar  volume  of 
sales  (on  the  T axis)  over  the  time  period  in  years  (on 
the  X axis).  This  graph  provided  a visual  indication  of 
growth.  The  Honeywell  Computer  CEEATE  program  package 
CUREIT  (see  Appendix  0)  was  used  to  determine  the  mathe- 
matical function  most  closely  describing  the  curve  from  a 
selection  of  six  available  functions. 

Dollar  volume  of  sales  data  for  semiconductors  and 
integrated  circuits  were  then  graphed  (see  Appendix  I,  J) 
and  evaluated  using  the  CURFIT  package  and  criteria  pre- 
viously established.  Once  the  first  premise  was  supported, 
the  second  premise  was  addressed.  DMS  data  were  analyzed 
to  determine  the  initial  occurrence  of  DMS  for  receiving 
tubes.  The  time  of  this  occurrence  was  annotated  relative 
to  the  peak  dollar  volume  of  sales  for  receiving  tubes. 
Testing  the  second  premise  of  the  research  hypothesis  was 
accomplished  by  transferring  the  point  of  the  initial  DMS 
experience  for  tubes  to  the  same  relative  point  of  the 
curve  of  dollar  volxime  sales  for  semiconductors.  This  point 
was  annotated  as  the  predicted  point  of  DMS  e3cperience  for 
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semiconductors.  Actual  DUS  data  for  semiconductors  were 
then  compared.  If  the  predicted  DMS  occurrence  fell  within 
an  envelope  of  time  determined  sufficient^  to  enable  evalu- 
ation of  supply  alternatives  by  the  DESC,  the  premise  was 
considered  valid. 

The  initial  occurrence  of  DHS  for  integrated  ciiv 
cuits  was  then  predicted  and  verified  with  actual  data  in 
a like  manner  as  for  semiconductors.  The  premise  waa 
accepted  if  the  date  of  predicted  DMS  experience  and  actual 
DMS  experience  fell  within  the  specified  time  envelope. 

The  hypothesis  would  have  been  accepted  as  a whole, 
given  successful  support  of  the  two  premises. 


^’’Sufficient'*  time  was  defined  to  be  a period  of 
approximately  one  year  (18).  This  time  period  is  required 
to  evaluate  the  particular  DMS  item,  to  determine  user 
requirements . and  to  evaluate  the  siltematives  available 
to  the  DESC  (see  Appendix  B). 
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This  chapter  addresses  accumulation  of  the  research 
data  as  well  as  adjustments  in  the  data  necessary  to 
facilitate  testing  of  the  research  hypothesis,  Findings 
based  on  tests  of  the  two  underlying  premises  described 
in  Chapter  2,  are  fully  detailed. 

Dollar  Volume  of  Sales  Data  Collection 

Dollar  volume  of  sales  data  for  the  three  electronic 
components  were  extracted  from  the  1977  Electronic  Indus- 
tries Association's  (EIA)  Electronic  Market  Data  Book. 

This  annual  publication  contains  detailed  information  on 
production,  sales,  foreiga  trade,  research  and  development, 
and  government  markets.  Currently,  over  500  companies 
voluntarily  report  confidential  production  and  sales  data 
to  the  EIA  on  a regular  basis , thus  providing  the  statis- 
tical basis  for  the  reports  contained  in  the  Data  Book 
(5:1). 


The  U.S.  Bureau  of  Labor  Statistics’ , Census  of  | 

l 

I 

Manufactvires  was  surveyed  to  verify  accuracy  and  support  i 

the  data  contained  in  the  EIA  reports.  The  data  from  the  j 

Census  of  Manufactures  v^ere  extracted  by  Standard  Indus- 

i 

trial  Code  (SIC)  for  the  electronic  components  "under  ^ 
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consideration  as  follows  (28:115): 
Standard  Industrial  Code 


Component 


36710 

36741 
36740 

36742 

36743 
36749 


Electron  Tube,  Receiving 
Integrated  Circuits 


Semiconductors 


A comparison  of  tbe  data  from  the  government 
reports  with,  the  data  available  from  the  EIA  indicated  that 
the  info  mat  ion  contained  in  the  EIA  Data  Book  was  appro- 
priate for  analysis.  The  information  contained  in  the  EIA 
Electronic  Market  Data  Book  was  not  identified  by  SIC, 
howevei*,  a verbal  description  of  the  components  included  in 
each  category  was  provided.  Data  for  each  of  the  components 
mder  study  were  consolidated  and  tab-ulated.  Data,  together 
with  consolidation  and  tabulation  methods,  appear  in 
Appendices  D,  E,  and  E. 

Application  of  the  Wholesale  Price  Inde::c  (WPI) 

As  addressed  in  Chapter  2 under  the  section  titled. 
Data  Adjustment,  it  was  necessary  to  adjust  the  dollar 
sales  amounts  by  means  of  the  WPI  in  order  to  indicate 
more  accurate  grovrth  trends.  The  base  year  of  1967  was 
used  as  a matter  of  convenience  an  1967  is  the  base  year 
currently  used  by  the  U.S.  Bureau  of  the  Census.  Use  of 
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the  "base  year  allowed  data  presented  in  individual  year 
values  to  he  adjusted  so  as  to  present  the  data  in  values 
related  to  the  196?  economic  standard. 

The  index  numbers  Tiscd  in  this  research  were 
extracted  from  several  editions  of  the  U.S.  Bureau  of  the 
Census*  Statistical  Abstract  of  the  United  States  as  no 
single  edition  covers  the  time  frame  under  consideration. 
Several  steps  were  taken  to  align  all  of  the  data  to  the 
1967  base  (see  Appendix  G).  The  WPIs  from  1939  throu^ 
19^7  were  first  obtained  from  the  U.S.  Bureau  of  the 
Census  Voltime  titled:  Statistical  Abstract  of  the  United 
States:  Colonial  Times  to  1937.  As  electrical  equipment 
during  this  time  period  was  not  reported  as  an  entity, 
the  category  "All  Commodities”  v;as  used.  The  WPIs  for  the 
"All  Commodities"  group  were  based  on  the  year  1926. 

The  WPIs  for  the  years  19^7  through  1952  were 
selected  from  the  1953  edition.  Electrical  items  were 
categorized  separately  imder  the  major  category  of 
"Machinery  and  Motive  Products"  aa  "Electrical  Machinery 
and  Equipment,"  The  base  year  in  this  edition  was  19^7- 

The  WPIs  for  1953  through  1956  v^ere  from  the  1957 
edition.  Years  1957  through  1961  v.^ere  extracted  from  the 
1962  edition.  Both  year  groups  were  based  on  19^7  sari 
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v/ere  mder  the  same  categoiy  as  the  19^7  through  1952  year 
groups » The  base  year  was  changed  to  1957 » the  1957 
through  1962  WPIs,  although  the  categories  remained  the 
same.  These  index  numbers  were  extracted  from  the  1963 
edition. 

In  the  1968  edition,  from  which  the  year  group 
1963  through  1967  data  were  extracted,  the  raa;)or  category 
heading  was  changed  to  "Machineiy  and  Equipment”.  The 
final  year  group,  1968  throu^  1975 1 index  numbers  were 
based  on  a base  year  1967  aud  were  extracted  from  the  1975 
edition. 

As  the  entire  composite  of  index  numbers  was  based 
on  four  different  years,  it  was  necessary  to  convert  the 
1926,  19^7?  and  1957  based  index  numbers  to  1967  based 
numbers.  As  1967  had  a 1957  based  index  number  and  a 1967 
based  index  number,  a ratio  was  established  by  which  the 
index  numbers  for  1957  through  1967  could  be  converted 
from  a 1957  l^ase  to  a 1967  base.  A similar  ratio  was 
established  from  the  overlap  of  the  19^7  based  index  and 
the  1957  based  index  for  the  year  1957 » and  from  the  over- 
lap of  the  1926  based  index  and  the  19^7  based  index  of 
19^7»  The  1967  based  index  numbers  were  then  applied  to 
the  dollar  volume  of  sales  data. 
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Application  of  Curve  FittiixK  and  Premise  One  Yeilidation 

Once  the  dollair  volume  of  sales  data  were  adjusted 
to  a single  base  year,  determination  of  the  individual 
functions  identifying  the  dollar  volume  of  sales  growth 
curve  for  each  of  the  three  components  was  necessary  to 
enable  comparisons.  The  growth  curve  was  defined  as  the 
dollar  volume  of  sales  up  to  the  peak  year  of  sales  for 
the  component.  Sales  subsequent  to  the  peak  year  were  not 
considered  contributory  to  the  growth  of  sales  for  the 
components.  The  data  for  tie  electronic  components  in 
question  were  graphed  with  the  X axis  representing  year 
of  sales  and  the  T axis  representing  the  dollar  volvime  of 
sales.  In  an  effort  to  compensate  for  the  range  in  the 
data  values  and  to  render  the  data  more  manageable,  the 
dollar  volume  of  sales  values  were  converted  to  loga- 
rithmic form.  The  logarithmic  dollar  volume  of  sales 
values  were  then  plotted  against  the  respective  years. 

The  peak  year  of  sales  for  each  component  was  visually 
determined  from  the  graph  (see  Appendices  H,  I,  and  J). 

Dollar  volume  of  sales  data  for  receiving  tubes 
from  19‘'i0  to  the  peak  year  of  1957  (18  years)  were  used  as 
input  to  the  OUItPIT  program.  The  fimction  of  the  growth 
curve  which  exhibited  the  highest  index  of  determination 
(•967)  was  the  linear  equation. ( See  Appendix  K for  complete 
computer  output  display.) 
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Dollar  voliuae  of  sales  data  from.  195^1-  to  the  peak 


year  of  I960  (seven  years)  were  used  ais  input  to  the  CUHPIT 
program  for  semiconductors.  Because  the  peak  in  dollar 
volxime  of  sales  for  semiconductors  was  reached  in  approxi- 
mately one-half  of  the  time  period  experienced  for 
receiving  tubes,  the  time  inteivaJ.  over  which  the  data  were 
plotted  (X  axis)  was  expanded  by  a factor  of  tv;o  to  enable 
direct  comparisons.  The  dollar  volume  of  sales  per  yean 
(Y  axis)  was  not  changed.  The  function  for  the  growth  curv’-e 
for  semiconductors  which  exhibited  the  highest  irxdex  of 
determination  was  the  linear  equation  (.959)  (see  Appendix 
L). 

Dollar  vol\ime  of  sales  data  for  integrated  circuits 
from  1961  to  1975  (15  years)  were  used  as  input  to  CUEBIT. 
Because  integrated  circuits  experienced  a similar  growth 
trend  as  semiconductors  and  in  the  same  time  frame,  the 
time  interval  over  which  the  integrated  circuit  data  were 
plotted,  was  also  expanded  by  a factor  of  two  to  be  consis- 
tent and  to  enable  comparisons.  Sales  of  integ.rated 
circuits  has  not  peaked,  therefore,  all  of  the  data  cur- 
rently available  vrere  used  in  the  analysis.  The  index  of 
determination  produced  by  the  OUEBIT  program  was  .9^5 
for  the  linear  equation  (see  Appendix  M). 
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Based  upon  results  produced  by  the  OUEPIT  program, 
the  functions  defining  the  growth  cxirves  for  receiving 
tubes,  semiconductors,  and  integrated  circuits  were  each 
determined  to  be  linear  as  identified  by  the  basic  equation 
Y = A + (B  * X).  The  hi^  index  of  determination  for  the 
linear  function  (above  .90)  exceeded  the  criteria  estab- 
lished in  each  instance.  Additionally,  a Scheffe  test  on 
2 

the  R values  indicated  no  statistically  significant  dif- 
2 

ference  among  R s across  the  same  function  for  all  com- 
ponents; therefore,  the  first  premise  was  accepted. 

BUS  Data  Collect ion 

Because  DMS  as  a recogaized,  persistent  business 
phenomenon  in  the  electronic  industry  is  relatively  new, 
there  is  little  formal  documentation  available  pertaining 
to  specific  instances  of  DUS.  At  DESO  the  only  available 
documentation  consisted  of  a listing  of  buy-outs  developed 
by  the  Supply  Operations  Division.  This  listing  (dated 
24  January  1978)  contained  data  relating  to  buy-outs  made 
since  197^  (30).  D?IS  data  predating  197^  relating  to  the 
components  under  study  were  obtained  through  intervievjs 
with  personnel  at  the  DESO  vrho  have  been  involved  with  the 
study  and  evaluation  of  DUS  as  members  of  a DHS  Study 
Group  (4;  18;  30). 
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Data  Integration  and  Premise  Two  Validation 
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Validation  of  premise  two  required  integration  of 
the  dollar  volume  of  sales  data  and  DMS  data.  The  year  DMS 
was  experienced  for  receiving  tubes  was  plotted  relative  to 
the  dollar  volume  of  sales  growth  curve  for  receiving  tubes 
(see  Appendix  N).  The  first  instance  of  DMS  for  receiving 
tubes  of  any  magnitude  detected  by  the  DESC  occurred  in 
1970,  with  the  closing  of  the  Vagner  Electric  electron  tube 
plant  (17)*  This  DMS  experience  occurred  13  years  subse- 
quent to  the  peak  year  recorded  for  dollar  volume  of  sales. 

This  13  year  time  interval  between  the  peak  in 
dollar  volume  of  sales  and  occurrence  of  DMS  was  then 
applied  to  the  semiconductor  data.  Althou^  electronic 
technology  is  advancing  at  an  accelerating  rate  (13:^3-44), 
determination  of  the  financial  structure  of  the  electronic 
industry  was  beyond  the  scope  of  this  research.  As  a 
conservative  approach,  the  financial  structure  was  assximed 
constant,  enabling  direct  application  of  the  interval 
between  DMS  and  year  of  peak  sales.  The  peak  dollar  volume 
of  sales  for  semiconductors  was  I960.  Applying  the  13  year 

i 

time  interval  factor  developed  for  receiving  tubes  to  the  j 

semiconductor  data,  DMS  was  predicted  to  occur  for  semi-  | 

conductors  in  1973  (see  Appendix  0).  Actual  DMS  experienced  1 

for  semiconductors  occurred  in  1972,  as  a result  of  the  | 

production  termination  by  Western  Electric  (4).  The  ' 
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difference  in  the  predicted  versus  actual  occurrence  was 
within  the  one  year  constraint  criterion  established  in 
Chapter  2. 


Because  it  could  not  he  determined  if  dollar  volume 
of  sales  for  integrated  circuits  had  reached  a peak  and  the 
fact  DMS  for  integrated  circuits  had  already  been  documented 
in  197^  "by  the  DESC  (50)  (see  Appendix  P),  testing  of 
premise  two,  incorporating  integrated  circuit  data  was  not 
necessary.  The  occurrence  of  DMS  prior  to  a peak  in  sales 
invalidated  the  premise. 

Testing  of  the  Hypothesis 

The  research  hypothesis  had  as  its  foundation,  two 
premises.  The  first,  that  the  dollaj?  volume  of  sales 
growth  trends  for  the  three  electronic  components  was 
described  by  the  sane  function,  was  tested  as  previously 
discussed.  Based  on  the  decision  criteria,  premise  one 
was  foxmd  supported.  The  second  premise,  that  DKS  occurs 
at  the  same  relative  position  with  respect  to  the  growth 
curve  for  each  component  under  study,  could  not  be  fully 
tested  as  dollar  volume  of  sales  daba  for  integrated 
circuits  provided  no  indication  of  a peak  sales  year,  yet 
DMS  for  integrated  circuits  had  been  experienced  by  the 
DESC.  This  inability  to  test  the  second  premise  necessi- 
tated rejection  of  the  second  premise  and,  consequently, 
rejection  of  the  hypothesis. 


J 
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Chapter  4 

EE3ULTS,  COirCLUSIOirS,  AITD  EEOOMMEimTIOlTS 

This  chapter  contaias  resTilts  baised  on  tests  of 
the  research  hypothesis.  These  eire  presented  with  conclu- 
sions pertaining  to  this  research  effort.  Recommendations 
pertaining  to  further  research  ane  also  presented. 

Bypothesis  Validation 

The  iDypothesis  tested  in  this  reseanch  effort  was 
a composite  of  two  premises,  both  of  which  m-ust  have  been 
supported  for  the  hypothesis  to  have  been  accepted.  Premise 
one  specified  that  the  fxmction  defining  dollar  volume  of 
sales  for  receiving  tubes  approximates  the  fxinctions 
defining  the  dollar  volume  of  sales  for  semiconductors  and 
for  integrated  circuits.  Premise  two  specified  that,  given 
validation  of  premise  one,  DMS  experienced  for  semiconduc- 
tors and  integrated  circuits  would  occur  within  the  same 
relative  time  interval  with  respect  to  peak  dollar  volTime 
of  sales  as  for  receiving  tubes. 

Premise  one  was  subjected  to  test  by  application 


of  the  curve  fitting  computer  program  CUEPIT  as  detailed 
in  Cliapter  3-  Premise  two  was  tested  by  first  determining 
the  nttmber  of  years  betvreen  initial  occurrence  of  DMS  for 
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receiving  tutes  with  respect  to  the  peak  dollar  volume  of 
sales  and  then  predicting  an  occurrence  of  DMS  in  semi- 
conductors in  the  time  interval  from  peak  dollar  volume  of 
sales  to  DMS  experience  an  recorded  for  receiving  tubes. 

The  predicted  DMS  for  semiconductors  was  then  compsired  with 
actual  DMS  experience  for  this  component  as  recorded  by  the 
DESC.  Integrated  circuit  data  were  to  be  treated  in  the 
^ same  manner  as  semiconductor  data. 

! 

1 Results 

i Test  of  premise  one  confiimed  that  the  growth 

curves  for  dollar  volume  of  sales  for  the  selected  elec- 
tronic components  followed  the  same  function.  The  linear 

yi 

fimction  [Y  = A + (X  » B)]  was  representative  of  the  growth 
curves  established  for  each  component.  The  linear  function 
displayed  the  highest  index  of  deteimination  for  each 
component  eveiluated.  These  indices  of  determination 
(roiuaded  to  three  decimal  places)  were  .967,  .959,  and 
.945  for  receiving  tubes,  semiconductors  and  integrated 
circuits,  respectively  (see  Appendices  E,  L,  and  M).  This 
commonality,  as  well  as  high  index  of  determination  for 


<1 

The  dependent  variable,  T,  represented  the  loga- 
rithmic value  of  the  dollar  volume  of  sales.  This  variable 
was  expressed  in  constant  1967  dollars , for  the  respective 
year  represented  by  the  independent  variable  X.  A and  B 
were  the  constant  and  slope  of  the  function. 
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each,  component,  wan  considered  significant  in  as  much  an 
it  validated  a relationship  among  the  growth  ctirves. 
Validation  of  premise  one  allowed  for  the  follow-on  test 
of  premise  two. 

Test  of  premise  two  confirmed  that  DMS  for  semi- 
conductors occurred  in  the  same  time  interval  relative  to 
peak  dollar  volxme  of  sales  as  did  DMS  experienced  for 
receiving  tubes.  Validation  of  premise  two  was  impossible, 
however,  as  application  of  the  test  to  integrated  circuit 
data  could  be  accomplished.  A peak  in  dollar  volTme  of 
sales  for  integrated  circuit  data  was  not  discernible  as 
the  growth  of  sales  han  not  peaked,  however,  a DMS  condi- 
tion in  integrated  circuits  han  already  been  experienced 
by  the  DESO.  Occurrence  of  DMS  prior  to  a peak  year  in 
dollar  volume  of  sales  invalidates  premise  two  and  is  the 
basis  for  rejection  of  the  research  hypothesis. 

Conclusions 

The  relationship  between  dollar  vol\ime  of  sales 
and  DMS  is  not  constant  for  the  components  under  study. 
Because  of  this  fact  the  authors  are  persuaded  that  the 
dollar  volume  of  sales — DMS  relationship  experienced  for 
one  technology  (receiving  tubes)  cannot  be  transferred  to 
another  related  technology  (integrated  circuits)  for  pur- 
poses of  predicting  electrical  component  DMS  conditions. 
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Based  on  the  knowledge  gained  in  this  reseai^ch 
effort,  an  awareness  of  the  similarity  among  functions 
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defining  dollar  volume  of  seiles  for  given  electronic 
components  is  beneficial , but  this  knowledge  must  be 
supplemented  with  additional  data  if  it  is  to  be  of  use 
in  predicting  BMS.  iEhese  additional  data  may  require 
that  the  function  relating  to  the  dollar  volume  of  sales 
be  integrated  with  a function  relating  to  the  element  of 
time.  It  is  apparent  (though  not  conclusive  from  the  data) 
that  the  life  cycle  of  electronic  technology  is  rapidly 
decreasing  as  new  technology  advances  at  an  accelerating 
rate.  It  is  the  authors'  opinion  that  there  are  some 
underlying  economic  relationships, perhaps  associated  with 
the  dollan  volume  of  sales  and  the  lineair  functions 
detected  in  this  research,  which  can  be  used  to  develop  a 
sufficiently  accurate  method  of  predicting  DMS  as  to  be  of 
benefit  to  the  DESC. 

Recommendations  for  further  Research 

The  problems  of  DMS  experienced  by  the  DESG,  and 
the  amount  of  dollars  expended  by  DOD  unnecessarily 
because  of  the  lack  of  an  accurate  method  for  predicting 
DMS,  demand  that  an  acceptable  solution  be  found.  To  this 
end,  the  follov/ing  recommendations  are  made. 
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Expert  opinion  holds  that  DMS  is  hasically  an 
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economic  phenomenon.  If  a financial  analysis  is  made  of 
manvifacturers  on  an  individuail  basis,  it  may  be  found  that 
there  is  some  relationship  of  costs  and  profits  in  the 
production  of  electronic  components  that  is  common  to  all 
manxifacturers.  A model  which  describes  the  growth,  decline, 
and  eventTxal  production  termination  of  certain  items  can 
perhaps  be  developed  based  on  this  relationship.  This 
model  could  then  be  used  to  predict  DMS  by  inserting  cur- 
rent financial  elements  as  variables  and  then  comparing 
actual  experience  with  model  results.  A ma^or  obstacle  in 
this  approach  is  the  unwillingness  of  manufacturers  to 
release  proprietary  cost/profit  figures. 

As  with  any  attempt  to  describe  reality  by  means 
of  a model,  there  are  multiple  variables  which  must  be 
considered  in  addition  to  dollar  volxime  of  sales  as  employed 
in  this  research.  A determination  of  the  more  significant 
variables  is,  therefore,  necessary  before  an  accurate 
model  can  be  developed.  The  first  step  in  this  development 
is  the  identification  of  a conceptual  model.  Such  factors 
as  governmental  regulation,  cost  per  unit,  and  intensity 
of  demand , althou^  not  tested,  co\ild  be  included  in  the 
conceptual  model. 
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Yet  another  approach  would  be  to  use  a different 
dependent  variable  such  as  cost  per  unit  in  lieu  of  dollar 
volume  of  sales,  Kiis  approach,  in  conjjunction  with  some 
method  other  than  the  OURI'Il!  computer  program,  should  be 
\ised  both  to  verify  the  validity  of  dollar  volume  of  sales 
as  a variable  and  also  to  identify  other  variables. 

The  authors  see  the  need  for  creation  of  an  end 
item  application  computer  file  for  electronic  components 
according  to  national  stock  number  (NSN).  Proced-jres  for 
maintaining  current  information  in  the  file  and  for 
eliminating  outdated  HSU’S  would  be  required.  The  file 
would  also  include  a forecast,  by  year,  of  the  future 
demand  on  each  end  item  and  a cxxrrent  estimate  of  when 
each  component  or  system  would  be  phased  out  of  the  active 
inventoiy.  The  end  item  file  would  allow  for  a more 
accTirate  estimate  of  future  requirements  upon  notification 
from  a supplier  that  production  of  an  item  will  be  discon- 
tinued. The  file  would  serve  to  reduce  the  "stifficient" 
time  required  to  respond  to  a DMS  situation. 

The  creation  of  an  end  item  application  file  should 
be  supplemented  by  an  increased  awareness  within  the  DOD 
of  the  economics  of  electronic  technology.  It  has  been 
noted  that  the  problems  of  DMS  are  economic  in  nature. 

Given  the  causes  of  the  problem,  the  HOD  should  actively 
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pursue  a policy  that  is  compatible  with  the  economics  of 
the  electronics  industry.  Use  of  the  standardized  elec- 
tronic component  module  for  exan^le  would  allow  the  UESO 
and  D02  to  capitalize  on  the  commercial  production  base. 

As  the  DOD*s  share  of  market  power  continues  to  decline, 

DOD  must  rely  on  the  commercial  market  for  the  direction 
of  electronic  technology.  The  acquisition  cycle  of  major 
systems  will  continue  to  exceed  the  life  cycle  of  elec- 
tronic technology  and  restilt  in  obsolete  equipment  entering 
the  inventory.  To  keep  pace  with  the  electronic  life  cycle, 
updating  by  modiile  components  should  be  stressed  as  opposed 
to  modifying  complete  weapon  systems. 

jPully  implementing  the  use  of  the  end  item — com- 
ponent file  wo\ild  be  a tremendous  task  and  would  consume 
several  yeans  and  a great  deal  of  interservice/interagency 
coordination.  It  is  the  authors*  opinion  that  such  a 
program  would  return  many  times  its  implementation  costs. 
Conversion  to  standardized  components  would  further  boost 
dollar  savings  by  allowing  a complete  and  accurate  evalu- 
ation and  prediction  of  future  needs  thereby  eliminating, 
or,  at  least,  reducing  tbe  amount  of  money  spent  unneces- 
sarily dn  large  bny-outs.  More  importantly,  it  would 
reduce  the  possibility  of  a compromise  of  national 
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security  threatened  hy  an.  absence  of  repair  parts  caused 
by  DMS,  or  an  inadequate  response  to  DMS,  by  the  DESO. 

The  alternative  to  positive  action  in 
DMS  is  to  witness  an  ever  diiainishing  base  for  supply 
support.  The  DMS  impact  of  the  next  few  years  may  result 
in  no  supply  suppoii;  beyond  ciirrent  system  production, 
other  than  that  inventory  purchased  at  considerable  cost 
during  initial  provisioning.  The  authors  wish  to  recognize 
the  need  for,  and  solicit  active  support  for,  the  DESO  in 
discovering  a solution  to  the  growing  problem  of  DMS.  We 
recommend  the  Air  Eorce  Institute  of  Technology  encourage 
continued  research  in  this  area  as  an  answer  to  DMS  is 
urgently  needed. 
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APPENDIX  A 

Receiving  Tube — ^An  electron  tube  evacuated  to  such  a degree 
that  its  electrical  characteristics  are  essentieilly  unaf- 

1 

fected  by  the  presence  of  any  residual  gas  or  vapor.  There  j 

are  hundreds  of  types  of  vacuum  tubes  which  are  classified  I 

1 

according  to  type:  receiving  tubes,  transmitting  tubes,  | 

cathode-ray  tubes,  and  microwave  tubes  are  examples  j 

(10:276).  j 

Semiconductor — k solid  crystalline  material,  whose  elec- 

1 

trical  conductivity  is  intermediate  between  that  of  a metal  i 

and  an  insTilator,  Semiconductor  devices  called  transistors 
exhibit  amplification  properties  and  are  rapidly  replacing  I 

vacuum  tubes  (11:212).  ! 

Integrated  Circuits — Miniature  electronic  circuits  produced  | 

I 

within  and  upon  a single  semiconductor  crystal.  Integrated 

circuits  have  revolutionized  electronics.  Their  low  cost 

and  high  reliability  have  been  essential  in  furthering  the  j 

wide  use  of  digital  computers  (12:187). 


APEENDU  B 

DESC  AMEBBTATIVES  A2JD  EVALTTAIIOirS  UT  DMS  SITUMIOKS^ 


These  alternatives  provided  by  Technical  Services 
Division,  DESO. 
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1 . Buy-out , 

2.  Pormalized  agreement  with  vendor  to  use  hatch 
buys  or  develop  groupings  of  products, 

3.  Have  BOAS  perform  a survey  of  industiy  for 
capability  of  companies  not  currently  in  the  business, 
but  have  the  capability  of  becoming  a supplier, 

4.  Substitution  of  devices  to  alleviate  BUS 
situation, 

3.  Redesign  the  equipment , 

6.  Search  for  commercial  alternate  sources, 

7.  Establish  government-owned, contractor-operated 
or  government-owned,  government-operated  facilities, 

8.  Actually  establish  or  set  up  a small  business 
as  a new  supplier, 

9.  Use  industrial  preparedness  program  (IPP), 

10,  Examine  foreign  sources, 

11,  Research  sources  using  the  Thomas  Register 
or  the  telephone, 

12,  Advertise  in  magazines  or  newspapers  for 
sources , 

13,  Help  establish  aJ-temate  methods  of  processing 
in  keeping  with  the  current  state-of-the-art. 
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APPETTDIX  0 

THE  HDlTErWELL  COMPUTER  (CREATE)  PROGRAM  PACKA.GE  CURPIT 


APPENDIZ  G 

The  Honeywell  Oomputer  (CREATE)  program  package 
OURPIT  was  used  to  determine  the  relationship  between  the 
two  variables,  dollar  volume  of  sales  and  time,  for  the 
three  electronic  components  xmder  consideration,  CTJRJTT 
uses  the  Method  of  Least  Squares,  a cuxve  fi*;ting  tech- 
nique, which  computes  an  equation  reflecting  the  relation- 
ship between  two  variables. 

When  a set  of  corresponding  values  of  two  variables 
are  plotted  on  coordinate  paper  the  function  representing 
the  general  trend  of  the  vaxiables  or,  alternatively,  the 
eqmtion  of  the  curve  that  paases  through  (or  near)  the 
poini  s on  the  graph,  so  as  to  indicate  their  general  trend, 
is  called  an  empirical  equation.  The  method  of  leant 
squares  is  probably  the  most  widely  used  method  of  obtaining 
empirical  equations  (14:1,55), 

The  CREATE  program  package  CDRPIT  correlates  the 
input  variable  data  to  one  of  the  following  six  functions; 

1,  Y = A + (B*Z) 

2,  Y = A * EXP(B*  Z) 

5.  Y = A * (Z  * B) 

4,  Y = A + (BA) 

5,  Y = 1/(A  + B * Z) 

6,  Y = Z/(A  + B * Z) 

The  following  is  a sample  of  a CURPIT  program  print- 
out received  at  a time  sharing  remote  terminal, 
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LIR  CUUFIT 
RlvADY 

*100  DATA  6.618,7.007,7.524,8.138,8.310,8.562,8.752 

*200  DATA  1,2, 3, 4, 5, 6, 7 

*RUN 


PLEASE  SPECIFY  THE  NUMBER  OF  VALUES  (N)  GIVEN  AS  DATA 
FOR  THE  TWO  INPUT  VARIABLES,  Al^D  THE  OUTPUT  CODE  (D). 
(D=l  IF  OUTPUT  IS  TO  BE  IN  ORDER  OF  INCREASING  VALUES 
OF  THE  INDEPENDENT  VARIABLE,  ELSE  D=0).  N,D  =>  ?7,1 


LEAST  SQUARES  CURVE  FIT 


CURVE  TYPE 

INDEX  OF 
DETERMINATION 

A 

B 

1.  Y=A+(B*X) 

.9589391 

6.373286 

.3677856 

2.  Y=A*EXP(B*X) 

.9474467 

6.448326 

.0478099 

3.  Y=A*(X''B) 

.9725828 

6.481579 

.1528032 

4.  Y=A+(B/X) 

.8198458 

8.742061 

-2.423361 

5.  Y=1/(A+B*X) 

.9341313 

.1537054 

-.0062479 

6.  Y=X/(A+B*X) 

.8634595 

.0428056 

.1128584 

DETAILS  FOR?l 

1.  Y=A+(B*X) 

IS  A LINEAR 

FUNCTION. 

THE  RESULTS 

(SORTED  IN  ORDER 

: OF  ASCENDING  VALUES 

OF  X) 

ARE  AS  FOLLOWS: 

X-ACTUAL 

Y-ACTUAL 

Y-CALC 

PCT  DIFFER 

1 

6.618 

6.741071 

-1.8 

2 

7.007 

7.108857 

-1.4 

3 

7.524 

7.476643 

. 6 

4 

8. 138 

7.844428 

3.7 

5 

8.31 

8.212214 

1.1 

6 

8.562 

8.58 

-.2 

7 

8.752 

8.947785 

-2.1 
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APPEBTDIX  D 


Teaj? 

Dollar  Volume 

Index  Number 

Lok  Form 

1959 

27,985 

31.5 

6.945 

1940 

27,610 

32.1 

6.948 

1941 

47,500 

55.7 

7.230 

1942 

43,000 

40.4 

7.240 

1943 

51 ,000 

42.1 

7.332 

1944 

62,140 

42.5 

7.442 

1945 

68,500 

43.2 

7.471 

1946 

101 ,000 

49.5 

7.699 

1947 

107,000 

62.0 

7.822 

1948 

112,000 

65.0 

7.862 

1949 

119,000 

66.6 

7-899 

1950 

250,000 

68.7 

8.235 

1951 

261 ,000 

78.7 

8.313 

1952 

259,116 

77.6 

8.303 

1953 

303,675 

79.8 

8.384 

1954 

275,999 

81.4 

8.352 

1955 

358,110 

82.7 

8.472 

1956 

37^,186 

89.3 

8.524 

1957 

384,402 

96.1 

8.568 

1958 

541,929 

98.2 

8.526 

1959 

368,872 

99.6 

8.565 

I960 

331 ,742 

99.5 

8.519 

1961 

311 ,098 

98.2 

8.485 

1962 

301 ,525 

96.7 

8.465 

1963 

297,000 

95.7 

8.454 

1964 

272,000 

95.1 

8.413 

1965 

282,000 

95.1 

8.428 

1966 

301,000 

97.2 

8.466 

1967 

210,000 

100.0 

8.322 

1968 

196,000 

101.3 

8.298 

1969 

283,691 

102.9 

8.465 

1970 

259,171 

106.4 

8.441 

1971 

261,386 

109.5 

8.457 

1972 

240,950 

110.4 

8.425 

1973 

204,244 

112.4 

8.361 

197^ 

167,157 

125.0 

8.320 

1975 

152,215 

139.5 

8.327 

Source t 


Dollar  volume  of  sales  extracted  from  1977  EIA. 
Data  Book,  Table  5^,  (5:95)» 
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APPENDIX  E 


Tear 

Dollar  Vblxime 
(in  millions) 

Index  Number 

Lok  Porta 

1954 

5.1 

81.4 

6.618 

1955 

12.5 

82.9 

7.007 

1956 

37.4 

89.3 

7.525 

1957 

142.9 

96.1 

8.137 

1958 

208.1 

98.2 

8.310 

1959 

365.9 

99.6 

8.561 

I960 

568.9 

99.5 

8.752 

1961 

537.6 

98.2 

8.722 

1962 

535.9 

96.7 

8.714 

1963 

488.2 

95.7 

8.669 

1964 

628.5 

95.1 

8.776 

1965 

761.0 

95.1 

8.859 

1966 

913.7 

97.2 

8.948 

1967 

781.7 

100.0 

8.893 

1968 

753.9 

101.5 

8.882 

1969 

864.6 

102.9 

8.949 

1970 

739.8 

106.4 

8.896 

1971 

594.0 

109.5 

8.813 

1972 

794.6 

110.4 

8.943 

1973 

843.7 

112.4 

8.976 

1974 

509.2 

125.0 

8.803 

1975 

421.8 

139.5 

8.769 

Sources : 

Dollar  volume  of  sales  extracted  from  1977  EIA 
Data  Book  (5).  1954-1956,  Table  76;  1957-1958,  Table  76, 

Table  78;  1959,  Table  76,  Table  78,  Table  85;  1960-1975, 
Table  76,  Table  78,  Table  85,  Table  82. 
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APPENDIX  P 


Year 

Dollar  Volume 
(in  millions) 

Index  Number 

1961 

5 

98.2 

1962 

10 

96.7 

1963 

20 

95.7 

1964 

51 

95.1 

1965 

94 

95.1 

1966 

173 

97.2 

1967 

273 

100.0 

1968 

367 

101.3 

1969 

498 

102.9 

1970 

524 

106.4 

1971 

534 

109.5 

1972 

718 

110.4 

1973 

1 ,724 

112.4 

1974 

2,122 

125.0 

1975 

1,516 

139.5 

Sotirce: 

Lok  Form 


6.691 

6.985 

7.281 

7.685 

7.951 

8.225 

8.436 

8.570 

8.709 

8.756 

8.767 

8.899 

8.287 

9.423 

9.325 


Dollar  Vol-ume  of  Sales  extracted  from  1977  eta 
Data  Book,  Table  53  (5:93). 
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APPENDIX  G 


Year 

1926  Bajse 

1947  Base 

1957  Base 

1939 

77.1 

31.5 

1940 

78.6 

32.1 

1941 

87.3 

35.7 

1942 

98.8 

40.4 

1943 

103.1 

42.1 

1944 

104.0 

42.5 

1945 

105.8 

43.2 

1946 

121.1 

49.5 

1947 

151.8 

96.1 

62.0 

1948 

100.7 

65.0 

1949 

103.2 

66.6 

1950 

106.4 

68.7 

1951 

121.9 

78.7 

1952 

120.5 

77.6 

1953 

123.7 

79.8 

1954 

126.2 

81.4 

1955 

128.2 

82.7 

1956 

138.4 

89.3 

1957 

149.0 

98.1 

96.1 

1958 

152.2 

100.2 

98.2 

1959 

154.4 

101.7 

99.6 

I960 

154.2 

101.3 

99.5 

1961 

151.8 

100.0 

98.2 

1962 

98.4 

96.7 

1963 

97.4 

95.7 

1964 

96.8 

95.1 

1965 

96.8 

95.1 

1966 

99.0 

97.2 

1967 

101.8 

100.0 

1968 

101.3 

1969 

102.9 

1970 

106.4 

1971 

109.5 

1972 

110.4 

1973 

112.4 

1974 

125.0 

1975 

139.5 

Sources 

• 

• 

The  index 

numbers  were  extracted  from 

a number  of 

editions  of  the  U.S.  Bureau  of  Census'  Statistical  Ahstract 
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APPEETDIZ  H 

EECEIOTG  TUBE  GROWTH  CURVE  GRAJ^* 


*Erom  19^  to  year  of  peak  sales  (1957) 
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APPEETDIZ  I 

SEMICOirDTICTOR  GROWTH  CURVE  GRAPH* 


♦From  1954  to  year  of  peak  sales  (i960) 
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APPENDIX  J 

INTEGRATED  CIRCUIT  GROWTH  CURVE  GRAPH* 


*Proni  1961  to  1975 
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APPENDIX  J* 


V* 

V- 

T- 

V 

pf 

CTx 

a^ 

(T^ 

cr\ 

CTn 

CTv 

1 — 1 

<X) 

V" 

v 

U) 

o 

• 

9 

• 

9 

« 

• 

t> 

ON 

CO 

CO 

tN 

U) 

cd 


snoithm  iu  ssTvs  rniioA  amoa  ^ 

o 

n 
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R'CniVI'T.  " ”\?\ 


Li^  c'l’^rir 

- ZAn\' 

*100  "ATA  r, .045?,  7.230, 7 . 240. 7.  332,  7.422 
'■•102  OATA  7. 'JO?,  3.235. 0.3  13,  2. 303, 3. 30  3 
*200  DATA  1,2,3,4.3,6,7,8,9,10,11,12,13 
* ".’JV 


THIS  PAfiE  IS  BEST  QUALITY  PEACIlCAalui 

from  copy  furnished  to  DDC 


, 7.471 , 7.669. 7. 322, 7 . .362 
,'’.  352,3.472,3.524,3.553 
,14,15,15,17,13 


PLF.ASE  SPECIFY  THE  NUMBER  OF  VALUES  (N)  GIVEN  .\S  OATA 
FOP.  THE  TUO  INPUT  VARIA3LES,  AND  THE  OUTPUT  CODE  (D). 
(D-1  IF  OUTPUT  IS  TO  SE  IN  ORDER  OF  INCREASING  VALUES 
OF  T!IE  INDEPE.NDENT  VARIABLE,  ELSE  D-0).  N , D - ?13,1 


L 

EAST  S 

Q 'J  A R E 3 C ! 

J R V E FIT 

r rr 

RVE  TYPE 

iNon;:  of 

DETERMINATION 

A 

B 

t 

L • 

Y-A+(5*R) 

.9663744 

6.97R104 

.0961352 

2. 

y»a*e::p(3*e) 

.9619953 

7.007326 

.0122363 

3. 

T-A*(:r3) 

.9117903 

6. 70365 

.0796371 

4. 

Y-A+(3/:-;) 

.5732595 

.9.224073 

-1 . 713372 

5. 

Y-l/(A+S*:i) 

.9559150 

. 1422039 

-.0015739 

o • 

.6221461 

.0292623 

. 12L5745 

DETAILS  FOPv?  1 

1.  Y-A+(3*.T) 

IS  A LINEAR 

FUNCTION. 

THE 

(SORTED  I.'l  ORDC 

R OF  asce: 

•01 NO  VALUES 

OF  ::) 

ARE  AS  FOLLOVS: 

::-ACTUAL 

Y-ACTUAL 

Y-CALC 

PCT  DIFFER 

1 

6.943 

7.074239 

-1.7 

2 

7.23 

7.  1 70374 

• 3 

3 

7.24 

7.26651 

• • J 

4 

7-332 

7.362543 

-.4 

5 

7.422 

7.45873 

-.4 

6 

7.471 

7.554915 

-1 . 1 

7 

7.669 

7.65105 

^ •> 

3 

7.  -322 

7.747136 

.9 

n 

> 

7.362 

7.343321 

10 

7.399 

7.939456 

-.5 

11 

8.235 

3.035591 

2.4 

12 

8.313 

3.131727 

2.2 

1 3 

8 . 303 

3.227362 

.9 

14 

3.  333 

3.323597 

. 7 

15 

8. 352 

3.420132 

-.3 

15 

8.4  72 

8 . 5 1 5 2 .6  7 

-.5 

17 

8.524 

S.  61  2403 

-1 

13 

3.563 

3. 708533 

-1 . 6 
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„ __  best  QUALIW 
gJJSnWiailSHEBEOOefi 


sl:::ico;:;)UCTO.i  r>ATA 


L13  CUKflX 
P.EADY 

*100  DATA  6.613,7.007,7.524,8.133,3.310,3.562,3.753 

*200  DATA  1,3,5,7,9,11,13 

*RU:i 


PLEASE  SPECIF7  THE  NUnOE?.  OF  VALUES  CO  GIVE'.;  DATA 
FOR  T'lE  TL'O  lEP'JT  VARIABLES,  AED  THE  OUTPUT  CODE  (D). 
(D-1  ir  O'^TPUT  13  TO  ?E  lU  OllPE?.  07  I:’:C REAS I:IG  VALUES 
07  THE  I\'DE?EUDE.':T  VARIASLE,  ELSE  D-0).  U , D - ?7,1 


LEAST 
C'J.TVE  TYPE 


S Q U A 


S 


C U R 


F I 


1.  Y-A+(3*:0 

2.  y-a*s;:p(3*x) 

3.  Y-A*(::''3) 

4.  Y-A+(3/r.) 

5.  y-i/(a+d*:o 

6.  Y-::/(A+3*E) 


irroEi:  or 

DET£PRli;iATIO:i 

.9590573 
.047564 
. 9453706 
.5931307 
.0342433 
.7509177 


6.555946 

6.504154 

5.426326 

5.41912 

.1505345 

.0357153 


.1339464 

.0239111 

.1153471 

-2.057063 

-.0031246 

.113457 


DETAILS  70R?1 


Y-A-t-(S*T) 

IS  A LiriEAR 

FUIICTIO;! . 

THE  RESULTS 

(SORTED  IM  ORDE 
ARE  AS  FOLLOWS: 

R or  ASCE 

HDIMC  VALUES 

OF  E) 

::-ACTUAL 

Y-ACrUAL 

Y-CALC 

?CT  DI7 

7EP. 

1 

6.313 

5. 740393 

- 1 . 

3 

7.00  7 

7. 10S735 

-1 . 4 

1 

5 

7.524 

7.475C73 

.6  ' 

7 

3.  133 

7. 344371 

3.7  j 

9 

3.31 

8.212464 

1.1  1 

11 

3.562 

3.530357 

j 

13 

3.753 

3. 94S25 

“ ^ • i 

i 
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APPENDIX  M 

CUEPIO}  PEDGSAM  OOMPUIER  OUTPUT—rNIEGEAIED  GIEGUITS 


6 1 


INTEGRATED  CIRCUIT  DATA 


I 

! 

i 

r 


LIB  CURFIT 
READY 

*100  DATA  6.691,6.985,7.282,7.686,7.951,8.226,8.436 
*102  DATA  8.570,8.710,8.746,8.767,8.899,9.287,9.424 
*200  DATA  1,3,5,7,9,11,13,15,17,19,21,23,25,27 
*RUN 


PLEASE  SPECIFY  THE  NUMBER  OF  VALUES  (N)  GIVEN  AS  DATA 
FOR  THE  TWO  INPUT  VARIABLES,  AND  THE  OUTPUT  CODE  (D). 
(D=l  IF  OUT'PUT  IS  TO  BE  IN  ORDER  OF  INCREASING  V.ALUES 
OF  THE  INDEPENDENT  VARIABLE,  ELSE  D=0).  N,D  = ?14,1 

LEAST  SQUARES  CURVE  FIT 

CURVE  TYPE  INDEX  OF  A B 

DETERMINATION 


1.  Y-A+(B*X) 

.9453764 

6.899397 

.0972879 

2.  Y-A*EXP(B*X) 

.9269711 

6.943172 

.012061 

3.  Y=A*(X~B) 

.945491 

6.355995 

.1091397 

4.  Y=A+(B/X) 

.5724125 

8.671625 

-2.49534 

5.  Y=1/(A+B*X) 

.9048175 

.143361 

-.0015054 

6.  Y-X/(A+B*X) 

.6435891 

.0418512 

.115405 

DETAILS  FOR’l 

1.  Y=A+(B*X)  IS  A LINEAR  FUNCTION.  THE  RESULTS 

(SORTED  IN  ORDER  OF  ASCENDING  VALUES  OF  X) 

ARE  AS  FOLLOWS: 


•ACTUAL 

Y-ACTUAL 

Y-CALC 

PCT  DIFFER 

1 

6.691 

6.996685 

-4.3 

3 

6.985 

7.191261 

-2.8 

5 

7.282 

7.385837 

-1.4 

7 

7.686 

7.580413 

1.3 

9 

7.951 

7.774989 

2.2 

11 

8.226 

7.969564 

3.2 

13 

8.436 

8.16414 

3.3 

15 

8.57 

8.358716 

2.5 

17 

8.71 

8.553292 

1.8 

19 

8.746 

8.747863 

0 

21 

8.767 

8.942443 

-1.9 

23 

8.899 

9.137019 

-2.6 

25 

9.287 

9.331595 

-.4 

27 

9.424 

9.526171 

-1 
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APPEETDIX  N 

EEOEITIHG  TUBE  GROWTH  CURVE  GRAPH  WITH  DMS  PLOT’ 


♦Prom,  peak  year  of  sales  (1957)  to  first  recorded  occurrence 
of  DMS  (1970) 
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APPENDIX  K* 


♦Dollar  volume  of  sales  data  in  logarithmic  form.  Tear  1 = 1957 


APPEsroix;  0 


smicoirDUCTOR  growth  curve  graph  with  dms  plot* 


*Prom  peak  year  of  sales  (I960)  to  year  of  predicted 
DMS  (1975) 


SMCr  porj-OTpsccd; 
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APPENDIX  P 

IHTEGEATED  CIRCUIT  GROWTH  CURVE  GRAPH  WITH  DMS  PLOT* 


From  1961  to  first  recorded  occurrence  of  DNS  (197'^) 

6 7 


♦Dollar  vol\iin.i 


1.  EEJ?EEENCES  CITED 


1.  Defense  Electronics  Supply  Center.  Memorandum,  of  DMS 

Steering  Group;  "DimirLishijig  Manufacturing 
Sources,"  Gentile  AES,  OH,  1977 > PP*  3-7. 

2.  Memorandum  of  DMS  Steering  Group;  "Manual 
iJlectronics  System  Command,"  Gentile  AES,  OH, 

1977,  pp.  3-6. 

3.  Depp,  Robert.  Diminishing  Manufacturing  Sources 

Steering  Group  member,  Defense  Electi-onics  Supply 
Center,  Gentile  AES,  OH.  Personal  interview. 

12  October  1977. 

Diminishing  Manufacturing  Sources  Steering 
’(Jroup  member.  Defense  Electronics  Supply  Center, 
Gentile  AES,  OH.  Personal  interview.  2 May  1978. 

5.  Electronics  Industries  Association.  Electronic  Market 

Data  Book.  Washington  DC,  1977. 

6.  Garrison,  Carrol  E.  "Technological  Progress  in  Elec- 

tronic Components;  A Life  Cycle  Support  Problem." 
Thesis,  Defense  Systems  Management  College,  Port 
Belvoir,  VA,  May  1976,  pp.1-63. 

7.  Hanson,  Kemit  0.  and  George  J,  Brabb.  Managerial 

Statistics  (2nd  ed.  ) Englevrood  Cliffs , ifd ; 

Parent ic'e'-Hall , Inc.,  1961. 

8.  Lawrence,  Captain  Erederick  P.  , USA.E.  Selected  lec- 

ture notes  for  Statistics  II  (QM  5.33)  Course 
presented  to  AEIT  students.  Air  Eorce  Institute 
of  Technology  (AH),  Wright-Patterson  AEB,  OH, 
October  1977- 

9.  Lockerd,  R.  M,  "Electronic  Technology  Progress  and 

Life  Cycle  Support — An  Industry  View,"  Defense 
Systems  Management  Review,  Spring,  1977,  pp.'l'-2. 

10.  McGrav;-Hill  Encyclopedia  of  Science  and  Technology. 

Vol.  11,  HI;  McGravf-Hill , Inc.,  1971,  p.  276. 


j 

! 


i 

i 


70 


I 


■11.  . Vol.  12,  MT:  McGraw-Hill,  lac.,  197'1» 

prTl2. 

12.  . Vol.  7j  NT:  McGraw-Hill,  Inc,,  1971, 

prT87. 

13.  "Hew  Leader  in  Semiconductors,"  Business  Week, 

March  1,  1976,  pp.  40-46. 

14.  Petruschell,  R.  L.  Some  Curve- Fitting;  Pundamentals. 

Santa  Monica,  CAl  i'lie  HAJS"!)  Corporation,  iiM-3y66- 
SA,  December  1968. 

13.  Pfaffenherger,  Roger  0.  and  James  H.  Patterson. 

Statisticeil  Methods  for  Business  and  Economics. 
Hlomewood,  li:  Ilic'liard  D.  Irwin,  Inc. , l977. 

16.  Shore,  David.  "On  Being  Run  Over  By  Technology," 

Government  Ibcecutive.  Januaiy  1977,  PP.  43-49. 

17.  Slepicka,  Milo  R.  Chiel,  Technical  Services  Division, 

Defense  Electronics  Supply  Center,  Gentile  IPS, 

OH.  Personal  interview.  12  October  1977. 

18.  Chief,  TechniccLl  Services  Division. 

defense  Electronics  Supply  Center,  Gentile  APS, 

OH.  Personal  interview.  2 May  1978. 

19.  Smith,  Lieutenant  Colonel  Lariy  L.  , USAP.  The  Use  of 

Index  numbers  in  Defense  Contract  Pz'icing.  , 

Wrigiib-t’at'terson  APb7  oH,  AT7-jL&'i!Ij-^li-1-76, 
Hovember  1976. 

20.  Smith,  William.  Chief,  Diminishing  Manufacturing 

Sources  Steering  Group,  Defense  Electronics 
Supply  Center,  Gentile  APS,  OH.  Personal  inter- 
view. 23  November  1977. 

21.  IT. S,  Bureau  of  Census.  Statistical  Abstract  of  the 

United  States;  Colonial  Times  to  19'57. 

\7a~3hin'gton  !Dd;  Government  Printing  Office,  1957, 

p.  116. 

22.  . Statistical  A^bstract  of  the  United  States; 
195^.  W'ashington  Ud:  (rovemment  i^inting  Oi’fice, 

1933,  p.  305. 


( 

{ 


71 


23. 


Stat let iccd  Abstract  uf  the  United  States; 
WsLsKingtori.  DOt  Government  IPriatiiig 
P.  327. 


24, 


25. 


26. 


I 

f 


27. 


. StatisticaJ.  Abstract  of  the  United  States; 
^^62 . yasliington  !dC:  Govenment  I'rinting  Office, 

p.  345. 


Statistical  Abstract  of  the  bhited  States: 
Washlii^on  !D0;  Goveiiime'rLt  feint ing  Office, 
P.  353. 


. Statistical  Abstract  of  the  United  States; 
19'68.  VaslrLagtoa  (xoVenment  t^rinting  '6if'ice, 

p.  >4-3. 


Statistical  Abstract  of  the  United  States; 
Waslnj.ri^oii  I)(j;  (k)venimen.t  PriiTring  Office 


p.  419. 


5 


28.  U.S.  Bureau  of  Labor  Statistics.  Census  of  liaaufac- 

tures . Washington  DO;  Government  Printing 
dffice,  1976. 

29.  U.S.  Department  of  Defense.  Diminishing  Manufacturing 

Sources  and  Material  Shortages.  I)OD  Direct'iVe 
400'5.ld.  ' Vasliin^on:  (lovernment  Printing  Office, 
1976. 

30.  Wilson,  Captain  James,  USMC.  Diminishing  Manufac- 

turing Sources  Steering  Group  member.  Defense 
Electronic  Supply  Center,  Gentile  APS,  OH. 

Personal  interview.  29  March  1978. 


B.  EEDATED  SOURCES 


Allen,  Thomas  J.  Managing  the  Plow  of  Technology.  The 
Massachusetts  Institute  of  'f e'ciinology,  1977. 

Bross,  Irwin  D.  J.  Desi^  for  Decision.  Hew  Xork;  The 
MacMillan  Company,  1957- 


72 


! 


Gallaliaa,  William  and  David  G.  Payne.  Pactor  Analyaia; 
Pactors  of  OrR-aaizationeil  Climate.  ‘Uhpu'blished  term 
paper,  APi'f/SL,  Afrigiit-PattersorL  APB,  OH,  '1976* 

Churchman,  C.  West,  Eussell  L.  Ackoff,  and  E.  Leonard 
Amoff.  Introduction  to  Operations  Research.  Hew 
York;  JoW  Viley  and  Sons,  Inc., 

Porrester,  Jay  W.  Industrial  Dyneimics.  Cambridge,  MA; 

The  Massachusetts  iast'i'li'ute  of  ‘technology  Press,  1977. 

Greenberger,  Martin,  Matthew  A.  Orenson,  and  Brian  L. 
Orissey,  Models  in  the  Policy  Process.  New  York; 
Russell  Sa'ge~ToundaTxon^~T97ST~ 

Lanlord,  H.  W.  technological  Porecast^p-;  Methodologies; 

A Synthesis.  Ame'ric^  Management  Association.  Inc.. 

Mihram,  G.  Arthur.  Sim^ulation;  Statistical  Poundations 
and  Methodolopy.  il’ew  York':  Academic  Press,'  ^97^.' 

"Study  to  Assess  the  Capability  of  U.S.  Industry  to  Supply 
Puture  Military  Microwave  tube  Needs."  San  Diego,  CA: 
Pausades  Institute  for  Research  Services,  Inc.,  1977. 

technological  Forecasting  in  Perspective.  Organization 
for  Economic  Cooperation  and  Development , Paris ; 

Bureau  des  Publications  de  I’OCDE,  19S7. 

U.S.  Department  of  Defense  Product  Engineering  Services 
Office.  "Department  of  Defense  Ad  Hoc  Vacuum  tube 
Support  Group:  Pinal  Report."  Cameron  Station, 
Alexandria,  VA,  1975. 


7 3 


